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Methods and systems are disclosed for a video system. In a 
YDEN’ HORSTEMEYER & ?rst exemplary embodiment, the video system comprises a 

100 G AI’JLERIA PARKWAY NW video processing circuit that receives a picture and provides 
STE 1750 ’ video compression by using an optimal macroblock mode of 

_ operation, the optimal macroblock mode of operation being 
ATLANTA’ GA 30339 5948 (Us) identi?ed by processing at least one macroblock of the 

21 A 1' N ‘I 10 706 395 picture, the processing being performed independent of 
( ) pp 0 / ’ other macroblocks contained in the picture. Additionally, the 

~ . video rocessin circuit com rises a mode selection circuit (22) Filed. Nov. 12, 2003 P g P 
that identi?es the optimal macroblock mode of operation by 

Related US Application Data using a rate-distortion model. The rate-distortion model 
incorporates an overall macroblock mode distortion D that is 

(60) Provisional application No. 60/426,163, ?led on Nov. de?ned as the Sum 0f DAc a diSIOrIiOn due to AC COrJf? 
14, 2002, cients, and DDc a distortion due to DC coef?cients. 
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SIGNAL PROCESSING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application serial No. 60/426,163, ?led Nov. 
14, 2002, Which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The present invention generally relates to the ?eld 
of signal processing systems. More speci?cally it relates to 
video compression and encoding systems. 

BACKGROUND 

[0003] Large bandWidth systems, such as video processing 
systems, strive to obtain high compression ratios by elimi 
nating spatial and temporal redundancies in transmitted 
pictures. Spatial redundancy refers to redundant video infor 
mation that is present Within a single picture. One eXample 
of spatial redundancy can be found in the repeated piXel 
values that are present inside a single picture of a large 
eXpanse of blue sky. Temporal redundancy, on the other 
hand, refers to redundant video information that is present in 
successively occurring pictures Where certain parts of the 
picture do not vary from one picture to the neXt. One such 
example of temporal redundancy can be found in an expanse 
of blue sky that is present in tWo successive pictures that are 
to be transmitted sequentially. 

[0004] Spatial redundancies may be eliminated by using 
compression techniques, such as discrete cosine transform 
(DCT) and Wavelet transform (WT), While temporal redun 
dancies may be eliminated by using compression techniques 
that incorporate, for eXample, motion compensated temporal 
prediction. Alternative techniques, such as hybrid motion 
compensated transform coding algorithms, utiliZe a combi 
nation of spatial and temporal compression techniques. 
These hybrid techniques are typically used to implement 
motion picture eXpert group (MPEG) standards, such stan 
dards being collectively referred to as “MPEG-X,” Where ‘X’ 
is a numeric value. 

[0005] When temporal compression is used, a current 
picture is not transmitted in its entirety; instead, the differ 
ence betWeen the current picture and a previous picture is 
transmitted. At the receiver end, a decoder that already has 
the previous picture, can then reconstruct the current picture 
by adding the difference picture to the previous picture. The 
difference picture is created at the transmitter by subtracting 
every piXel in one picture from the corresponding piXel in 
another picture. Such a difference picture is an image of a 
kind, although not a vieWable one, and contains some spatial 
redundancies, Which may be eliminated by using spatial 
compression techniques. 
[0006] The difference picture may not contain a large 
amount of data When stationary objects are present in 
sequential pictures, but When moving objects are present in 
successive frames the resulting difference picture Will obvi 
ously, contain a signi?cant amount of data. Generation of 
such large amounts of data may be minimiZed by using 
motion compensation techniques that can be used in con 
junction With the generation of the difference picture. In 
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MPEG-2 implementations, for eXample, motion compensa 
tion is typically accomplished using a motion estimator 
circuit. The motion estimator circuit measures the direction 
and distance of motion betWeen tWo pictures and outputs the 
results as motion vectors. These motion vectors are used by 
the decoder at the receiver end to carry out motion com 
pensation by shifting data in a previous picture to create the 
current picture. In effect, the motion vectors describe the 
optical ?oW aXis of a certain moving screen area, along 
Which aXis the image is highly redundant. Vectors are 
bipolar codes Which re?ect the amount of horiZontal and 
vertical shift required at the decoder. 

[0007] An added level of compleXity occurs during motion 
compensation in real-World images such as those encoun 
tered in MPEG implementations, because moving objects do 
not necessarily maintain their appearance as they move. For 
eXample, objects may turn, move into shade or light, or 
move behind other objects. Consequently, motion compen 
sation cannot be implemented in an ideal manner, and 
supplementary information related to the picture has to be 
provided to the decoder. This supplementary information 
takes the form of a “predicted picture” that is also typically 
generated in the motion estimator circuit. 

[0008] Consequently, the motion estimator circuit, in addi 
tion to producing the motion vectors, also uses the motion 
vectors to produce the predicted picture, Which is based on 
the previous picture shifted by motion vectors. This pre 
dicted picture is then subtracted from the actual current 
picture to produce a “prediction error.” The prediction error 
is also often referred to as a “prediction residual.” 

[0009] Several eXisting systems have been designed to 
obtain motion vectors by carrying out a motion search. This 
motion search employs a strategy that is geared toWards 
producing a picture residual that has the least amount of data 
transmission bandWidth under the assumption that such a 
search strategy produces the most ef?cient compression. 
Unfortunately, While the bandWidth of the picture residual 
may be optimiZed by this approach, the bandWidth of the 
generated motion vectors can also turn out to be signi?cant. 
It is therefore desirable to provide a solution that not only 
optimiZes the bandWidth of the prediction residual, but of the 
motion vectors as Well. OptimiZing both the prediction 
residual as Well as the motion vectors translates to providing 
optimal compression, Which consequently equates to an 
optimal data transmission rate. 

[0010] In addition to employing motion compensating 
techniques, video processing systems also employ encoding 
circuitry that operate upon signals such as the prediction 
residual and the motion vectors, to produce encoded data. 
This encoding process is dependent upon the nature of the 
signals, and is typically geared toWards optimiZing one or 
more signal parameters such as the signaling rate (band 
Width), picture distortion, or a combination of rate and 
distortion. 

[0011] For eXample, MPEG pictures contain piXel blocks 
that are commonly referred to as macroblocks, Which can be 
encoded in multiple Ways. TWo such modes are referred to 
as “intracode mode” and “bidirectional mode” operation. In 
a ?rst implementation, the encoding process is selected so as 
to minimiZe the transmission rate (consequently the signal 
ing bandWidth) of a transmitted signal, While in a second 
encoder implementation, the encoding process is selected to 
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minimize picture distortion. Picture distortion may be 
described as a measure of either the perceived or actual 
difference betWeen the original and the encoded video 
picture. 

[0012] A third approach to implementing an encoder, uses 
a combination of bit rate R and distortion D, in What is 
referred to as a “rate-distortion” (R-D) approach, With the 
goal of minimiZing distortion under the limitation of a 
pre-de?ned rate constraint. The rate-constrained approach 
can be de?ned by the equation: 

min{D(R)} subject to R<R*, Where R" is the allowed 
rate. 

[0013] This equation can be converted to one having an 
unconstrained rate by using a Lagrangian multiplier )t. The 
unconstrained Lagrangian formula is de?ned by the folloW 
ing equation: 

[0014] The minimiZation process to determine the optimal 
values of R and D for various values of )L can turn out to be 
computationally extensive, as Well as expensive, if each and 
every encoding mode as Well as motion estimation/com 
pression process has to be evaluated using the equation 
above. Consequently, While several solutions currently exist 
to implement rate-distortion theory in macroblock mode 
selection as Well as in motion estimation schemes, these 
solutions suffer from sub-optimal results and/or are compu 
tationally complex. 
[0015] It is therefore desirable to provide a signal process 
ing system that implements macroblock mode selection 
and/or motion estimation With reduced computational com 
plexity. 

SUMMARY OF THE INVENTION 

[0016] The present invention provides methods and sys 
tems for a video system. In a ?rst exemplary embodiment, 
among others, the video system comprises a video process 
ing circuit that receives a picture and provides video com 
pression by using an optimal macroblock mode of operation, 
the optimal macroblock mode of operation being identi?ed 
by processing at least one macroblock of the picture, the 
processing being performed independent of other macrob 
locks contained in the picture. Additionally, the video pro 
cessing circuit comprises a mode selection circuit that 
identi?es the optimal macroblock mode of operation by 
using a rate-distortion model. The rate-distortion model 
incorporates an overall macroblock mode distortion D that is 
de?ned as the sum of DAc a distortion due to AC coef? 
cients, and DDc a distortion due to DC coef?cients. 

[0017] In a second exemplary embodiment, the disclosure 
provides a method for video compression. One such method, 
among others, can be summariZed by the folloWing steps: 
identifying an optimal macroblock mode of operation by 
processing a macroblock independent of other macroblocks 
contained in the picture. Additionally, the method of iden 
tifying the optimal macroblock mode of operation comprises 
providing a rate-distortion model, computing a set of rate 
distortion values using a set of macroblock modes of opera 
tion upon the rate-distortion model, selecting from the set of 
rate-distortion values an optimal rate-distortion value, and 
designating the macroblock mode of operation correspond 
ing to the optimal rate-distortion value as the optimal 
macroblock mode of operation. 
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[0018] Other systems, methods, features, and advantages 
of the present invention Will be or become apparent to one 
With skill in the art upon examination of the folloWing 
draWings and detailed description. It is intended that all such 
additional systems, methods, features, and advantages be 
included Within this description and be Within the scope of 
the present invention. 

DESCRIPTION OF THE DRAWINGS 

[0019] Many aspects of the invention can be better under 
stood With reference to the folloWing draWings. The com 
ponents in the draWings are not necessarily draWn to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present invention. Moreover, in the draW 
ings, like reference numerals designate corresponding parts 
throughout the several vieWs. 

[0020] FIG. 1 illustrates a video system that includes a 
video processing circuit to provide signal compression and 
encoding. 

[0021] FIG. 2 shoWs the main functional blocks of the 
video processing circuit of FIG. 1. 

[0022] FIG. 3 shoWs some functional blocks of a com 
puter system that interfaces to a video processing system 
such as the video processing system of FIG. 1, to provide 
computational capabilities for carrying out a signal com 
pression and encoding. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0023] While the description beloW refers to certain exem 
plary embodiments, it is to be understood that the invention 
is not limited to these particular embodiments. On the 
contrary, the intent is to cover all alternatives, modi?cations 
and equivalents included Within the spirit and scope of the 
invention as de?ned by the appended claims. Also, the 
terminology used herein is for the purpose of description and 
not of limitation. 

[0024] FIG. 1 illustrates a video system 100 comprising a 
video processing circuit 105, a transmission media 110, and 
a receiver circuit 115. Video system 100 is representative of 
several signal processing systems Where signal compression 
and/or signal encoding processes are employed. Some 
examples of such systems include television systems, satel 
lite systems, digital video disk (DVD) players, cable tele 
vision systems, and computer systems. Transmission media 
110 encompasses several forms of signal-carrying media, 
including but not limited to, Wireless links, co-axial cable, 
optical ?ber, copper-Wire, free-space optics, and metallic 
tracks on a printed circuit board (PCB). 

[0025] In one exemplary system, a video signal is sourced 
from a video camera 131 that is communicatively coupled to 
a video processing circuit 105. The video processing circuit 
105, Which may optionally be housed inside video camera 
131, is connected via a transmission media that is comprised 
of a co-axial connection to a receiver circuit 115, Which may 
optionally be housed inside a television set 152. Video 
processing circuit 105 provides signal compression and 
encoding for the video signal that has to be transmitted, in 
this example, over a large distance via the coaxial connec 
tion. Typically, the coaxial connection has a limited signal 
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carrying bandWidth—hence the need for the video process 
ing circuit 105 to carry out signal compression among its 
multiple functions. 

[0026] In a second example, the video camera 131 is 
replaced by a video player/recorder 132 that may be located 
in a cable TV provider’s facility to provide television signals 
(or movies-on-demand) to a customer residence that houses 
television 152 containing receiver circuit 115. In this 
instance, the coaxial connection is shared by multiple cus 
tomers, and consequently, the bandWidth available for trans 
mitting a signal from the video player/recorder 132 to one of 
the multiple customers, Which in this case oWns television 
152, may be signi?cantly limited beloW the overall signal 
carrying bandWidth of the coaxial cable. 

[0027] A third example can be illustrated by a video signal 
that is compressed and encoded in video processing circuit 
105, When housed inside satellite 133. This video signal is 
then transmitted through the air in a Wireless medium, to a 
receiver circuit 115 that is located inside a set-top box 153. 

[0028] In yet another example, a video processing circuit 
105 that is housed inside personal computer (PC) 134 
accepts an input video signal that is provided to the PC via 
a user-accessible connector, such as an IEEE-1394 connec 
tor. This video signal is suitably compressed and encoded by 
video processing circuit 105 prior to transmission through a 
PCB track. The video signal is received in receiver circuit 
115, Which is also located inside PC 134, Where it is decoded 
prior to recording on to a digital video disc 151 that may be 
inserted into PC 134. 

[0029] The aforementioned examples are intended to pro 
vide some examples of video systems, and persons of 
ordinary skill in the art Will recogniZe that there are many 
other such systems incorporating signal compression and 
encoding schemes. 

[0030] The theoretical basis for operation of the video 
processing circuit 105 Will noW be presented, folloWed by 
implementation details that are explained using FIGS. 2 and 
3. In this connection, attention is draWn to the folloWing 
paper that is herein incorporated by reference in its entirety: 

[0031] “Low complexity rate-distortion optimal macrob 
lock mode selection and motion estimation for MPEG-like 
video coders” by Hyungjoon Kim, Nej at Kamaci, and Yucel 
Altunbasak. 

[0032] A generaliZed equation that may be used to de?ne 
a rate-distortion (R-D) model is given by the folloWing 
equation: 

[0033] D(R)=nf(o)g(R), Where 1] is a number, and 
the other tWo terms are function terms. The number 
11 may be a ?xed constant, or a pre-computed/pre 
determined/pre-estimated number. Alternatively, the 
number 11 may be a number that is adaptively 
adjusted during processing of any one of one or more 
frames of a picture. 

[0034] The (R-D) model equation may be further 
described in an alternative form as: 

D(R)=*r]0Be’YR 
[0035] Where 0 denotes the standard deviation of the 
source, and 11, [3, y are unknoWn, model parameters that may 
be numerical values that are chosen as ?xed constants, 

Equation (1) 
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pre-computed/pre-determined/pre-estimated numbers, or are 
adaptively adjusted during processing of any one of one or 
more frames of a picture. 

[0036] When n=1 and [3=2, Equation (1) may be resolved 
using tWo methods of estimating y. First, average values of 
distortions, rates and variances of all macroblocks are used 
in estimation. Let (Dad) intra) Rm) intra) 02m) intra) be the 
actual distortion, rate and source variance of the last intra 
coded frame, respectively. And let (Dad) inter) Rm) inter) act) 
inter) be the actual distortion, rate and source variance of the 
last non-intra coded frame, respectively. Then, the estimates 
of y are: 

1 1 Jim-mm Equation (2) 
Racr,inrra Dacr,inrra 

yintra : 

1 0-2 t . 1 Equation (3) 
in Er = —1 M 

y I Racr,inrer l‘[Dact,inter] 

[0037] In the second method to estimate y uses the average 
y of each macroblock. The estimates of y may be expressed 
as: 

2 . 

Where (Di,act, intra, Ri,act, intra, O i,act, intra) aretlshstor_ 
t1on, rates, and source variance of the intra coded 1 mac 

' 2 

roblock> respectlvell? and (Di,act, inter, Ri,act, inter, O i,act, inter) 
are distortion, rates, and source variance of the non-intra 
coded ith macroblock, respectively. 

[0039] In an alternative approach, instead of carrying out 
an estimation of y values, a lookup table containing values 
of y for a given frame bit budget may be used. 

[0040] The R-D model of Equation (1), may be used to 
carry out optimal macroblock mode selection, mode deci 
sion, and/or motion estimation, as explained beloW. 

[0041] Optimal Macroblock Mode Selection 

[0042] Let mI be the coding mode of the ith macroblock, 
(i=1, 2, . . . , N), and let MN be the set of the modes of all 
macroblocks. Then, 

[0043] MN={m1 . . . , m2, mN}, Where mI is the mode 
of ith macroblock. 

[0044] The R-D optimal set of the modes (MN*) for the 
group of N macroblocks is formulated as: 

N Equation (4) 
MN = argminD(/V1N)= argmin Di(mi), 

MN MN [:1 
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subject to 

Equation (5) 

[0047] and 

N 

MIN) = 2 Rama 

[0048] represent the sum of the distortions and the rates of 
N macroblocks, respectively. Di(mi) denotes the distortion 
With the ith macroblock coded in the mode mi. Similarly, 
Ri(mi) represents the rate of the macroblock in the mode mi. 
Rtotal is the available total bit budget to encode the set of N 
macroblocks. The bit budget is shared to encode the discrete 
cosine transform (DCT), the motion vector and the header 
information. 

[0049] Consequently, Equation (5) can be re-Written as: 

N N N I Equation (6) 

MIN) = Z Rrwm» + Z Rid?mo + Z Rfmw» + Rm. 
[:1 [:1 [:1 

[0050] Where Rimv(mi), Rid°t(mi), and Rihdr(mi) denote the 
motion vector, the DCT, and the header coding rates respec 
tively, that are associated With the ith macroblock When it is 
coded in mode mi. Rmisc is represents the rate for coding 
other information such as sequence/picture/slice header data 
that is not relevant to the macroblocks. Setting N equal to the 
total number of macroblocks in a frame, and solving the 
constrained minimiZation problem of Equation (4) using 
Viterbi-type algorithms Will yield the R-D optimal set of 
macroblock modes for the given frame. HoWever, this is 
achieved at the expense of high computational complexity. 
To avoid such high computational complexity, the current 
macroblock mode mi is assumed to be independent of any of 
the other macroblocks. Thus, the minimiZation constraint of 
Equation (4) can be reWritten as: 

[0051] subject to 
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[0052] Further simpli?cation is possible under the 
assumption that the target total number of bits for the ith 
macroblock Ritotal is knoWn. With this assumption, the rate 

[0053] Thus, coding mode of each macroblock is 
obtained by solving the folloWing constrained minimiZation 
problem: 

Equation (9) 

[0054] subject to 

Rimv(mi)+Rid°‘(mi)+RihdI(mi) éRi‘mal. Equation (10) 

[0055] The optimal mode for the ith macroblock can 
be determined by explicitly computing the distortion for 
each mode by encoding the macroblock. HoWever, this 
process may be computationally inef?cient, although rela 
tively simpler compared to the case Where all macroblocks 
are considered jointly. To alleviate the problem of evaluating 
the distortion for each mode, an R-D model is used instead. 
In general, the overall coding distortion of a macroblock is 
composed of the distortions due to the quantiZation of the 
DC coefficient and the AC coef?cients. The reason for 
separate treatment of the DC and the AC coef?cients is that 
the encoding of the DC coefficient in an intra-type macrob 
lock is different than the rest of the DCT coefficients. For an 
intra-type macroblock, the DC coef?cients of the macrob 
lock are quantiZed With a ?xed step siZe (either 1, 2 or 4 
depending on the DC precision determined by the user) and 
differently encoded. Thus, macroblock distortion can be 
re-Written as: 

Di(mi)=DiDc(mi)+DiAc(mi)- Equation (11) 

[0056] Wherein DiDc=0 for all non-intra modes. The actual 
value of DiDc(mi) may be calculated Without going through 
the encoding process. For the AC component of the distor 
tion, the folloWing R-D equations are used: 

DiAc (mi) = Equation (12) 

a . Ac . . . . 

0"-2(m;)e VWEYR! (m‘) if m; is an intra mode, 

Equation (7) 

[0057] for a given mode mi. In this equation, y takes 
different values for intra and non-intra coding, and oi2(mi) is 
the variance of the AC coef?cients, Which depends on the 
mode mi. When Equation (12) is substituted into Equation 
(11), the folloWing is obtained: 

DC Equation (13) 

RiAC=RitOtal_RirnV_Rihdr_RiDC~ 



US 2004/0095997 A1 

[0059] Using this model in the optimization problem for 
mulated in Equation 10: 

m?‘ : argmin{DtDC(m‘-) + Equation (14) 
mi 

[0060] Equation (14) formulates the rule for choosing the 
best coding mode for the ith macroblock. 

[0061] Joint Mode Decision and Motion Estimation 

[0062] Encoding performance may be improved by apply 
ing rate-distortion optimiZation in the motion estimation. Let 
Ei be the mean absolute error betWeen the ith original 
macroblock and the reference macroblocks. Clearly, Ei 
depends on the selected motion vector. Also, let RirnV be the 
motion vector rate for the selected motion vector. The R-D 
optimal motion estimation may be vieWed as estimating the 
motion vector that minimiZes EI, subject to a motion vector 
rate constraint. The constrained problem may be converted 
to an unconstrained problem using a Lagrangian multiplier, 
thus, the R-D optimal motion vector for the ith macroblock 
is selected so as to minimiZe the Lagrangian cost function 

Ji=Ei+ARimv, 

[0063] Where 9» is the unknoWn Lagrangian multiplier. )» 
can be vieWed as a factor that determines the relative 
importance of the distortion terms. If >\.=0, then the rate 
constraint is ignored. 

[0064] In a second approach, a set of 7» values, X1, X2, . . . , 
AM, is used and motion vectors that minimiZe the cost Ji are 
selected. That is, for each >\.k, k=1, 2, . . . , M, a motion vector 
MVk can be determined that minimiZes the cost function 
Ji>k=Ei)k+)tkRi)kmV, Where Rtkrnv is the number of motion 
vector bits required to encode MVk for ith macroblock. This 
process Will result in a maximum of M candidate motion 
estimates. The motion vector estimate for different )tk values 
may be identical in certain cases. The mode decision and 
motion estimation may then be combined by using all 
candidate motion vectors determined for each )tk and opti 
miZing the macroblock mode and the motion vectors 
together by evaluating all possible cases by extending Equa 
tion (14) as: 

(m2: MVFY) : argmin{DZ(,C(mi) + Equation (15) 

[0065] Estimation of Standard Deviation o of the Source 

[0066] Because DCT coefficients are not available before 
macroblock mode selection, standard deviation of the source 
can be estimated. The standard deviation of the source can 
be calculated by using 

Equation (16) 
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[0067] Where Xk is a DCT coefficient and N is total 
number of coefficients. There are tWo possible methods of 
estimation. By using Parseval’s theorem, 

Nil Nil 

: k: 

[0068] Where xk is a pixel value, Equation (16) can be 
expressed as 

[0069] With assumption that sum of DCT coefficients are 
very small, Equation (17) can be simpli?ed to 

[0070] Based on another assumption that DC coef?cients 
X0 is much larger than AC coef?cients, Equation (17) can be 
expressed as 

Equation (17) 

Equation (18) 

[0071] By de?nition of DCT, XO can be calculated by 

Nil 

W 

[0072] Thus, Equation (18) becomes 

[0073] Motion Estimation and Mode Selection Algorithm 

[0074] Let N be the total number of macroblocks in a 
frame, M the number of 9» values used in motion estimation, 
and L the total number of a set of macroblock modes of 
operation. 

[0075] The optimal macroblock mode of operation can be 
determined by computing the optimal coding mode mi* and 
optimal motion vector Mvi* for the ith macroblock (I=1, 
2, . . . , N) as folloWs: 

[0076] 1) Set i=1 in Equation (15). 

[0077] 2) If mI is a mode that requires motion compensa 
tion, an estimate is carried out to determine the best motion 
vector value of )tk(k=1, 2, . . . , M) by minimiZing J1,k(m)= 

E1,k+>\'kR1,kmV(m1)' 
[0078] The value of Rl)kmv(ml) may be obtained from a 
lookup table that is explained later With reference to FIG. 3. 
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[0079] 3) If mI is a mode that does not require motion 
compensation (such as in intra mode), then Rl)kmv(m 1) is set 
equal to Zero. 

[0080] 4) The residual variance o1)k2(m1) is then calcu 
lated. 

[0081] 5) The number of header bits Rl)khdr(ml) and the 
DC bits R1)kDc(m1) is then determined. This determination 
may be carried out by using a lookup table. 

0082 6 D Dc m- is calculated, and R total is estimated. I: 1,1: 1 

[0084] 8) Steps 1) through 7) are repeated for all values of 
i (i=1, 2, . . . , N) and the macroblock mode mi* and the 
motion vector MVi* that yield minimum Di,k(mi) is deter 
mined as de?ned by {mi*, MVi*}=arg min[Di)k(mi)]{mi, 
MVLk}. 
[0085] Attention is noW draWn to FIG. 2, Which illustrates 
the main functional blocks contained in a ?rst embodiment 
of encoder circuit 205 that is a part of the video processing 
circuit 105 of FIG. 1. The functional blocks shoWn in FIG. 
2 may be implemented in various forms such as hardWare, 
softWare, ?rmWare, and one or more combinations thereof. 
When implemented in hardWare for example, the encoder 
circuit 205 may comprise a hardWare circuit that is option 
ally, communicatively connected to a controller circuit (not 
shoWn in FIG. 2) that provides control, information and 
other signals for operating encoder circuit 205. Encoder 
circuit 205 and/or controller circuit (not shoWn in FIG. 2) 
can be implemented With any or a combination of the 
folloWing technologies, Which are each Well knoWn in the 
art: a discrete logic circuit(s) having logic gates for imple 
menting logic functions upon data signals, an application 
speci?c integrated circuit (ASIC) having appropriate com 
binational logic gates, a programmable gate array(s) (PGA), 
a ?eld programmable gate array (FPGA), etc. 

[0086] Alternatively, When implemented in softWare and/ 
or ?rmWare, the encoder circuit 205 may comprise program 
code resident inside memory devices such as RAMs, ROMs, 
and magnetic disks. Such memory devices may be part of a 
computer circuit (not shoWn in FIG. 2) that performs 
encoding and optionally other functions as Well. 

[0087] Motion estimation block 210 accepts an input 
video signal from line 211 and outputs tWo signals—a 
prediction residual signal on line 212, and motion vector 
information on line 213. Mode selection block 215 accepts 
the tWo signals from the motion estimation block 210, and 
produces a signal comprised of coefficients that is carried on 
line 214 together With a mode control signal that is carried 
on line 217. 

[0088] Run-length and entropy coding block 225 accepts 
the motion vector signal from the motion estimation block 
210 via line 213, and the tWo signals from the mode 
selection block 215 on lines 214 and 217. The compressed 
and/or encoded signal is output from the run-length and 
entropy coding block 225 on to line 226. 

[0089] Rate control block 220 accepts a control signal 
carried on line 219 from the run-length and entropy coding 
block 225, and produces a quantization parameter signal that 
is conveyed on lines 216 and 218 to control the data rate of 
the signals carried on line 214. 
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[0090] FIG. 3 illustrates the main functional blocks con 
tained in a second embodiment of encoder circuit 205 of the 
video processing circuit 105 of FIG. 1. Generally, in terms 
of hardWare architecture, as shoWn in FIG. 3, video pro 
cessing circuit 105 includes a processor 310, memory 305, 
and one or more input and/or output (I/O) devices 315 (or 
peripherals) that are communicatively coupled via the local 
interface 325. While the second embodiment of encoder 
circuit 205 is shoWn as a part of memory 305, alternatively, 
encoder circuit 205 may be implemented as a hardWare 
circuit that is shoWn in FIG. 3 as a dotted box located 
external to memory 305, and connected to local interface 
325. 

[0091] The local interface 325 can be, for example but not 
limited to, one or more buses or other Wired or Wireless 
connections, as is knoWn in the art. The local interface 325 
may have additional elements, Which are omitted for sim 
plicity, such as controllers, buffers (caches), drivers, repeat 
ers, and receivers, to enable communications. Further, the 
local interface 325 may include address, control, and/or data 
connections to enable appropriate communications among 
the aforementioned components, 

[0092] The processor 310 is a hardWare device for execut 
ing softWare, particularly that stored in memory 305. The 
processor 310 can be any custom made or commercially 
available processor, a central processing unit (CPU), an 
auxiliary processor among several processors associated 
With the video processing circuit 105, a semiconductor 
based microprocessor (in the form of a microchip or chip 
set), a macroprocessor, or generally any device for executing 
softWare instructions. 

[0093] The memory 305 can include any one or combi 
nation of volatile memory elements (e.g., random access 
memory (RAM, such as DRAM, SRAM, SDRAM, etc.)) 
and nonvolatile memory elements (e.g, ROM, hard drive, 
tape, CDROM, etc.). Moreover, the memory 305 may incor 
porate electronic, magnetic, optical, and/or other types of 
storage media. Note that the memory 305 can have a 
distributed architecture, Where various components are situ 
ated remote from one another, but can be accessed by the 
processor 310. 

[0094] The softWare in memory 305 may include one or 
more separate programs, each of Which comprises an 
ordered listing of executable instructions for implementing 
logical functions. In the example of FIG. 3, the softWare in 
the memory 305 includes the encoder circuit 205 in accor 
dance With the present invention, a data storage 303 that may 
store for example, a lookup table of values, and a suitable 
operating system (0/5) 306. Lookup tables can be used to 
provide data such as transmission bit rates for various modes 
of operation. The operating system 306 essentially controls 
the execution of other computer programs, such as the 
encoder circuit 205, and provides scheduling, input-output 
control, ?le and data management, memory management, 
and communication control and related services. 

[0095] The encoder circuit 205 is a source program, 
executable program (object code), script, or any other entity 
comprising a set of instructions to be performed. When a 
source program, then the program needs to be translated via 
a compiler, assembler, interpreter, or the like, Which may or 
may not be included Within the memory 305, so as to operate 
properly in connection With the 0/5 306. Furthermore, the 
encoder circuit 205 can be Written as (a) an object oriented 
programming language, Which has classes of data and meth 
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ods, or (b) a procedure programming language, Which has 
routines, subroutines, and/or functions, for example but not 
limited to, C, C++, Pascal, Basic, Fortran, Cobol, Perl, Java, 
and Ada. 

[0096] The I/O devices 315 may include input devices, for 
eXample but not limited to, a keyboard, a compact disk (CD) 
drive, a DVD drive, or a mouse. Furthermore, the I/O 
devices 315 may also include output devices, for eXample 
but not limited to, a printer, display, CD/DVD recorder etc. 
The I/O devices 315 may further include devices that 
communicate both inputs and outputs, for instance but not 
limited to, a modulator/demodulator (modem for accessing 
another device, system, or network), a radio frequency (RF) 
or other transceiver, a telephonic interface, a bridge, a router, 
etc. 

[0097] When video processing circuit 105 is in operation, 
the processor 310 is con?gured to eXecute softWare stored 
Within the memory 305, to communicate data to and from 
the memory 305, and to generally control operations of the 
video processing circuit 105 pursuant to the softWare. The 
data storage 303 and the 0/5 306, in Whole or in part, but 
typically the latter, are read by the processor 310 and then 
executed. 

[0098] The above-described embodiments of the present 
invention are merely set forth for a clear understanding of 
the principles of the invention. Many variations and modi 
?cations may be made Without departing substantially from 
the invention. All such modi?cations and variations are 
included herein Within the scope of this disclosure and the 
present invention and protected by the folloWing claims. It 
Will also be recogniZed that the use of the Word “optimal” 
pertains to a selection that is made based upon individual 
video system applications. While one application, for 
eXample, may emphasiZe a rate-based criteria, a second 
application for eXample, may place a greater emphasis on a 
distortion criteria. Consequently, the de?nition of the term 
“optimal” in the ?rst application may be different from that 
in the second application. All such variances in the de?nition 
of the term “optimal” Will be apparent to persons of ordinary 
skill in the art, and all such modi?cations and variations are 
included herein Within the scope of this disclosure and the 
present invention and protected by the folloWing claims. 

1. A video system comprising: 

a video processing circuit that receives a picture and 
provides video compression by using an optimal mac 
roblock mode of operation, the optimal macroblock 
mode of operation being identi?ed by processing at 
least one macroblock of the picture, the processing 
being performed independent of other macroblocks 
contained in the picture. 

2. The video system of claim 1, Wherein the video 
processing circuit includes an encoder, the encoder com 
prising: 

a motion estimation circuit that identi?es an optimal 
motion vector by processing at least one macroblock 
contained in the picture, Wherein the processing is 
carried out independent of other macroblocks con 
tained in the picture; and 

a mode selection circuit that identi?es the optimal mac 
roblock mode of operation. 
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3. The video system of claim 2, Wherein the mode 
selection circuit identi?es the optimal macroblock mode of 
operation by using a rate-distortion model, Where the rate 
distortion model comprises an overall macroblock mode 
distortion D that is de?ned by a model equation D=DAC+ 
DDC, Wherein DAc is a distortion due to AC coef?cients and 
DDc is a distortion due to DC coef?cients. 

4. The video system of claim 3, Where DAc is a model 
equation that is de?ned by DAc=kIf(o)g(RAc), Wherein f(o) 
and g(RAc) are tWo functions, (I is a measure of deviation of 
AC coefficents, R Ac is an allocated rate for encoding AC 
coef?cients, and kI is a ?rst numerical parameter that com 
prises at least one of a ?Xed number, an estimated number, 
and a number that is dynamically determined during a frame 
of the picture. 

5. The video system of claim 4, When f(o)=ok2, Wherein 
k2 is a second numerical parameter that comprises at least 
one of a ?Xed number, an estimated number, and a number 
that is dynamically determined during a frame of the picture. 

6. The video system of claim 4, When g(RAC)=e_k3RAC, 
Where k3 is a third numerical parameter that comprises at 
least one of a ?Xed number, an estimated number, and a 
number that is dynamically determined during a frame of the 
picture. 

7. The video system of claim 4, When R Ac is de?ned as 
RAc=RtOta1—RhdI—RmV—RDc, Wherein Rtotal is a target total 
number of bits for the at least one macroblock, Rhdr is a rate 
of encoding a header of the at least one macroblock, Rrnv is 
a rate of motion vectors, and RDc is a rate of the DC 
coef?cients. 

8. The video system of claim 3, Wherein DDc is calculated 
using a mean intensity value over the at least one macrob 
lock, and a quantiZation is carried out using a ?Xed step siZe. 

9. The video system of claim 3, Wherein DDc is equal to 
Zero. 

10. The video system of claim 3, Wherein the optimal 
macroblock mode of operation is selected as one that 
minimiZes the overall macroblock mode distortion D. 

11. The video system of claim 1, Wherein the signal 
received from the video signal source is at least one of a 
JPEG signal, an MPEG-X signal, and an ITU-speci?ed 
H.26X signal. 

12. A method for video compression, the method com 
prising: 

processing a picture by identifying an optimal macroblock 
mode of operation; and 

processing a macroblock of the picture independent of 
other macroblocks contained in the picture. 

13. The method of claim 12, Wherein identifying the 
optimal macroblock mode of operation comprises: 

providing a rate-distortion model; 
computing a set of rate-distortion values using a set of 

macroblock modes of operation upon the rate-distor 
tion model; 

selecting from the set of rate-distortion values an optimal 
rate-distortion value; and 

designating a macroblock mode of operation correspond 
ing to the optimal rate-distortion value as the optimal 
macroblock mode of operation. 

14. The method of claim 13, further comprising identi 
fying an optimal motion vector by processing one macrob 
lock independent of other macroblocks contained in the 
picture. 
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15. The method of claim 14, wherein identifying the 
optimal motion vector comprises: 

providing a ?rst Lagrangian cost function equation that 
corresponds to the macroblock; 

incorporating a ?rst Lagrangian multiplier into the ?rst 
Lagrangian cost function equation; 

producing a set of Lagrangian cost functions by applying 
a set of motion vector values to the ?rst Lagrangian cost 
function equation that incorporates the ?rst Lagrangian 
multiplier; 

selecting a ?rst optimal Lagrangian cost function from the 
set of Lagrangian cost functions; 

selecting from the set of motion vector values a motion 
vector value that is associated With the ?rst optimal 
Lagrangian cost function; and 

designating the selected motion vector value as the opti 
mal motion vector value. 

16. The method of claim 15, further comprising: 

incorporating a set of Lagrangian multipliers into the ?rst 
Lagrangian cost function equation to generate a set of 
Lagrangian cost function equations; 

identifying a set of motion vector values associated With 
a set of optimal Lagrangian cost functions that are 
derived from the set of Lagrangian cost function equa 
tions; and 

designating the set of motion vector values as the optimal 
set of motion vector values. 

17. The method of claim 16, Wherein identifying the 
optimal macroblock mode of operation comprises: 

providing a rate-distortion model; 

computing a set of rate-distortion values using a set of 
macroblock modes of operation and the optimal set of 
motion vector values upon the rate-distortion model; 

selecting from the set of rate-distortion values an optimal 
rate-distortion value; and 

designating the macroblock mode of operation corre 
sponding to the optimal rate-distortion value as the 
optimal macroblock mode of operation. 

18. A video processing program stored on a computer 
readable medium, the video processing program comprising: 

logic con?gured to provide a picture to the video pro 
cessing program; 

logic con?gured to provide a rate-distortion model; and 

logic con?gured to identify an optimal macroblock mode 
of operation by processing a macroblock independent 
of other macroblocks contained in the picture. 

19. The video processing program of claim 18, further 
comprising: 

logic con?gured to compute a set of rate-distortion values 
using a set of macroblock modes of operation upon the 
rate-distortion model; 
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logic con?gured to select from the set of rate-distortion 
values an optimal rate-distortion value; and 

logic con?gured to designate a macroblock mode of 
operation corresponding to the optimal rate-distortion 
value as the optimal macroblock mode of operation. 

20. The video processing program of claim 18, further 
comprising logic con?gured to identify an optimal motion 
vector by processing one macroblock independent of other 
macroblocks contained in the picture. 

21. The video processing program of claim 20 Wherein the 
logic con?gured to identify an optimal motion vector com 
prises: 

logic con?gured to provide a ?rst Lagrangian cost func 
tion equation that corresponds to the macroblock; 

logic con?gured to incorporate a ?rst Lagrangian multi 
plier into the ?rst Lagrangian cost function equation; 

logic con?gured to produce a set of Lagrangian cost 
functions by applying a set of motion vector values to 
the ?rst Lagrangian cost function equation that incor 
porates the ?rst Lagrangian multiplier; 

logic con?gured to select a ?rst optimal Lagrangian cost 
function from the set of Lagrangian cost functions; 

logic con?gured to select from the set of motion vector 
values a motion vector value that is associated With the 
?rst optimal Lagrangian cost function; and 

logic con?gured to designate the selected motion vector 
value as the optimal motion vector value. 

22. The video processing program of claim 21, further 
comprising: 

logic con?gured to incorporate a set of Lagrangian mul 
tipliers into the ?rst Lagrangian cost function equation 
to generate a set of Lagrangian cost function equations; 

logic con?gured to identify a set of motion vector values 
associated With a set of optimal Lagrangian cost func 
tions that are derived from the set of Lagrangian cost 
function equations; and 

logic con?gured to designate the set of motion vector 
values as the optimal set of motion vector values. 

23. The video processing program of claim 22, Wherein 
the logic con?gured to identify an optimal macroblock mode 
of operation comprises: 

logic con?gured to compute a set of rate-distortion values 
using a set of macroblock modes of operation and the 
optimal set of motion vector values, upon the rate 
distortion model; 

logic con?gured to select from the set of rate-distortion 
values an optimal rate-distortion value; and 

logic con?gured to designate the macroblock mode of 
operation corresponding to the optimal rate-distortion 
value as the optimal macroblock mode of operation. 


